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What is entropy?



Goals



Entropy



Equilibrium and Spontaneity

• For an isolated constant-volume system, 

spontaneous process occurs and leads the 

system to a state of equilibrium. 

– For the balance of any property q,

– At equilibrium (the final state), 

– Thus, we conclude that 

at equilibrium, q = constant or 

away from equilibrium, 

– If         then q is increased during this process.

If         then q is decreased during this process.

– Following the changes of a suitable q can tell the 

direction of the spontaneous process. 
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Entropy: A New Concept

• Definition of Entropy

The entropy (S) is a state function. In a system in which 

there are flows of both heat and work across the 

boundaries, the heat flow, but not the work flow, causes a 

change in the entropy of the system; this rate of entropy 

change is       , where T is the absolute thermodynamic 

temperature of the system at the point of the heat flow. If, 

in addition, there are mass flows across the system 

boundaries, the total entropy of the system will also 

change due to this convection flow. That is, each element 

of mass entering or leaving the system carried with it its 

entropy.
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Entropy Balance Equation



Thermal Contact



General Entropy Balance Equations



For one complete cycle



Illustration 4.1-2 Kelvin-Planck 

statement of 2nd law



The entropy balance and reversibility



Entropy: A New Concept



Entropy: A New Concept



Reversibility



Examples of reversible and irreversible 

process



The characteristics of reversible process



The characteristics of reversible process



Evaluate entropy changes from other state variables



Fundamental thermodynamic relationship



Heat, work, and entropy



Heat, work, and entropy



Engine to give maximum efficiency(Carnot engine)



Carnot engine



Work from PV diagram and Q from TS diagram



Fluid flow engine (Turbine) 



Continuous flow systems



Continuous flow systems



Heat, Works, and Engines

• A polytropic process:
– Fluid during an expansion (or compression):

For an ideal gas, 
• g = 0 for an isobaric process.

• g = 1 for an isothermal process.

• g =  for an isochoric (constant-V) process.

• g = 

• Work from a reversible flow-type engine 
following polytropic process,
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4.4 Entropy changes of matter



4.5 Applications of entropy balance



Entropy: A New Concept

• Ex.4.1-1

The 2nd law statement of R. Clausius (1822-1888) 

is that it is not possible to transfer heat from a 

colder body to a hotter body. Show form the 

axiom Sgen  0 that the process below is 

impossible.



Entropy: A New Concept

• Ex.4.1-2

An alternative statement of the 2nd law, due to 
Lord Kelvin (William Thomson,1824-1907) and 
Max Planck (1858-1947), is that it is not possible 
to construct a device operating in a cycle that 
results in non effect other than the production of 
work by transferring heat from a single body. 
Show form the axiom Sgen  0 that the process 
below is impossible.



Entropy: A New Concept

• From Heat to Work, e.g., Steam Engine

Boulton & Watt 1784 (from wikipedia)

HW: 

• Find out how this steam engine works.

• What is the implication of  that “heat 

cannot be completely converted to work”.

NOTE: 

1. We can use other medium 

instead of H2O.

2. If the heat comes from a 

combustion reaction, it is 

called the combustion 

engine.



Examples



Solar Energy Conversion

• Ex.4.3-1

Show that a solar or photovoltaic cell that converts 

solar energy to mechanical energy or electrical energy 

must emit some of the energy of the incident radiation 

as heat.



Solar Energy Conversion

• Ex.4.3-2

Based on analysis distribution of the frequency 

distribution from the sun, it can be considered to be 

emitting radiant energy with a Stefan-Boltzmann 

distribution at 6000 K. Estimate the maximum efficiency 

with which this radiant energy can be converted to 

electrical energy using solar cells. For this analysis, 

assume that the solar cell is operating in steady state 

and is receiving radiant energy, that its surface 

temperature is 300 K, and that it is losing heat by 

conduction to the environment.



Entropy Changes of Matter

• For a closed system:
– Mass balance: 

– Energy balance:

– Entropy balance:

• Both U and S are state properties. Therefore, 
– change of U with respect to the state of a system can 

be analyzed by the above energy balance equation.

– change of S with respect to the state of a system can 
be analyzed by the above energy balance equation 
when assuming reversible process.
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Entropy Changes of Matter

• It was also shown earlier that for a closed system

i.e.,

• For an ideal gas (in a closed system):
–

– Using the ideal gas law, this eqn can be transformed to
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Entropy Changes of Matter

• For liquids and solids:

–

• S with respect to the state of matters can be 

available from Tables (e.g., steam table) and 

charts (e.g., T-S diagram or P-H shown in Ch.3).

=

=

=

2

1

)()( 12

T

T
P

P

PV

T

dT
CTSTS

T

dTC

T

VPd

T

Ud
Sd

VdCdTCUd     and    dT

NOTE the concept 

of “state property”.



Entropy Changes of Matter

• Ex.4.4-1

Compute the entropy change on mixing 1 kg of steam 

at 1 bar and 200 oC with 1 kg of steam at 1 bar and 300 
oC. of water.

• Ex.4.4-2

Compute the entropy generated by the flow of 1 kg/s of 

steam at 400 bar and 500 oC undergoing a Joule-

Thompson expansion to 1 bar.



Entropy Balance Equation

• Ex.4.5-1

Estimate the exit temperature and power requirement 

for a gas compressor and include the entropy balance 

analysis. As in Ex.3.4-4, assuming that the inlet to the 

compressor is air (as an ideal gas with CP =29.3 J/mol 

K) at 1 bar and 290 K and that the discharge is at 10 

bar, estimate the temperature of the exit gas and the 

rate at which work is done on the gas for a gas flow of 

2.5 mol/s. .



Entropy Balance Equation

• Ex.4.5-2

For the case of a compressed gas cylinder connected 

to another evacuated cylinder (Ex.3.4-5), consider the 

following choice of system and apply the entropy 

balance.



Entropy Balance Equation

• Ex.4.5-3

(Ex.3.4-5 continued) A gas cylinder of 1 m3 containing 

N2 at 40 bar and 200 K is connected to another cylinder 

of 1 m3, which is evacuated. A valve between the two 

cylinders is opened until the pressure in the cylinders 

equalize and then is closed. Find the final temperature 

and pressure in each cylinder if no heat flows into or 

out of the cylinders or between the gas and the cylinder. 

walls. The gas is ideal with a constant-pressure heat 

capacity of 29.3 J/mol K. 



Entropy Balance Equation

• Ex.4.5-3 (continued) 

K. 



Entropy Balance Equation

• Ex.4.5-4

(Ex.3.4-6 continued) Show that the entropy S is a state 

function by computing S for each of the three paths. 

(a) Isothermal compression to 10 bar 

and then isobaric heating to 300 oC.

(b) Isobaric heating to 300 oC 

following by isothermal compression 

to 10 bar.

(c) A compression in which PVg = 

constant, where g = CP/CV, followed by 

an isobaric cooling or heating, if 

necessary, to 300 oC.



Entropy Balance Equation

• Ex.4.5-5 (max S at equilibrium)
A well-insulated box of volume 6 m3 is divided into two 
equal volumes. The left-hand cell is initially filled with 
air at 100 oC and 2 bar, and the right-hand cell is 
initially evacuated. The valve connecting the two cells 
will be open so that gas will slowly pass from cell 1 to 
cell 2. The wall connecting the two cells conducts heat 
sufficiently well that the temperature of the two cells will 
always be the same. Plot the pressure change of both 
cells and (2) the change of total entropy. Air can be 
considered as an ideal gas of constant heat capacity in 
this case.



Entropy Balance Equation

• Ex.4.5-6

An engineer claims to have invented a steady-flow 

device that will take air at 4 bar and 20 oC and separate 

it into two streams of equal mass, one at 1 bar and -20 
oC and the second at 1 bar and 60 oC. Furthermore, the 

inventor states that his device operates adiabatically 

and does not require (or produce) work. Is such a 

device possible? Air can be considered as an ideal gas 

of constant heat capacity of CP* = 29.3 J/(mol K).



f4_5_5

Q: Can you apply this 

concept in the design 

of drinking water stand 

to provide both chilled 

water and hot water?

Entropy Balance Equation



Entropy Balance Equation

• Ex.4.5-7
A steam turbine operates at the following conditions:

a.Compute the horsepower developed by the turbine and 
the entropy change of the steam.

b. Suppose the turbine is replaced with one that is well 
insulated, so that the heat loss is eliminated, and well 
designed, so that expansion is reversible. If the exit 
pressure and velocity are maintained at the previous 
values, what are the outlet steam temperature and the 
horsepower developed by the turbine?



Entropy Balance Equation

• Ex.4.5-8 (Sgen = o for reversible processes)

a. By considering only the gas contained within the 

piston-and-cylinder device of Ex 3.4-7 to be the system, 

show that the gas undergoes a reversible expansion in 

each of the four processes.

b. By considering the gas, piston, and cylinder to be the 

system, show that the processes a, b, and c are not 

reversible and that process d is reversible.



Entropy and Exergy

• P.4.31 (useful work, availability, exergy)

a. Useful work of a process = (the total work done by the system) –

(the work done in expansion of the system boundaries).

b. The maximum useful work is obtained with reversible process and 

all heat transfer to surrounding To. Also, the feed and exit streams 

in an open system should be at ambient conditions.

c. For a close system,

d. For an open system at steady state,
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